grouping the soft-rot organisms with the Eschericheae. Accordingly, the following tests were performed: 1) lactose fermentation, 2) IMViC (indole, methyl-red, Voges-Proskauer, citrate) plus cellobiose fermentation, and 3) gelatin liquefaction. Our knowledge of the reactions of coliform cultures in these tests was abundant and there was no need to repeat this work.
Moreover, the main criterion of the genus Erwinia, i.e., the ability to attack plant tissues, was applied to coliforms. This characteristic is usually associated with the ability of the organisms to breakdown pectin (Chester in Bergey et al., 1939) . Why this idea is prevalent is difficult to fathom, unless it arises from a lack of understanding of pectic compounds in the plant. It is known, although not widely recognized, that the enzymes protopectinase (which brings about tissue disintegration) and pectinase (which is associated with the breakdown of pectin or pectic acid) are different entities (Davison and Willaman, 1927 NZ, 4, 5, 11, EC1 and B81, formed acid in 24 hours. The slowest fermenting culture was ES which required seven days to produce a definite acid reaction. A small bubble of gas was produced by the tenth day. Gas was formed by seven of the strains but never in a quantity exceeding 20 per cent of the vial. This gas formation was slow and only an immeasurable amount was formed in 48 hours. Whereas all the cultures fermented the disaccharide at 20°C, five failed to do so at 3700. (1939) where Erwinia solani8apra and to some extent E. carotovora are said to form small amounts of indole. Stanley, however, with over 100 cultures found but two organisms which formed indole and one of these was a non-lactose-fermenter. Bonde (1939) In some cases the reaction proceeded rapidly; in others, very slowly. Three isolates failed to ferment the sugar at 370C (table 1) .
c. Gelatin liquefaction One of the differences between Aerobacter aerogenes and A. cloacae is the ability of the latter to liquefy the gelatin medium. This reaction, however, is not a constant characteristic, there being found numerous non-liquefying strains of A. cloacae. Gelatinolysis with this organism usually proceeds slowly, although there are exceptions.
In gelatin stab cultures, sixteen of the nineteen isolates were able to hydrolyze the medium (table 2) . For the most part, this liquefaction was rapid, being complete in 2-3 days at 20°C. There were a few cultures that required 10-14 days before hydrolysis was detectable. Frazier gelatin-agar plates also proved the remaining five strains to be negative. Bonde (1939) has indicated that all of his isolates liquefied gelatin, and, this is usually thought to be true of soft-rot organisms.
d. Pectin fermentation
Inasmuch as the reducing sugars associated with pectin are soluble in 80 per cent alcohol, several soakings and washings with this solvent eventually removed any of these contaminating substances. The usual procedure was to place a weighed sample of the granulated pectin in a flask to which considerable 80 per cent alcohol was added. The mixture was shaken thoroughly and then incubated 12 hours with occasional shaking. The alcohol was filtered off, fresh alcohol added and the flask again incubated 6-8 hours. The mixture was filtered and the pectin on the filter paper washed 6-7 times with 80 per cent alcohol and twice with 95 per cent. The alcohol-moist pectin was then placed in a sterile petri dish and heated to dryness at 3700. (Stanley 1939 , Elrod 1941 . It was originally contended by Harding and Morse (1909) that the anaerogenic soft-rot organisms were only strains of the aerogenic forms, and most certainly Dowson's (1941) recent separation of Erwinia aroideae and E. carotovora will break down due to this fact. Thus, the aerogenic and anaerogenic states in both the coliform group and Erwinia are not constant.
By means of the IMViC reactions plus cellobiose fermentation, Erwinia isolates can be placed in well-known coliform groups. Nine of the cultures were either group 8, -+ -+ +, or group 9, -+ -+A (Stuart's classification); four were in groups 2 and 3, --+++ and --++A; one was group 11, -+ --+; one was group 12,-+ --A; while four were grouped as irregulars, -++++ or -+++A. The majority of these fall into the group classified by Stuart as intermediates; none showing any apparent relationship to the Escherichia coli group. From this work it seems that the majority of the soft-rot organisms more nearly approached the characteristics of E. freundii, Gelatinolysis occurs more rapidly with Erwinia than with Aerobacter cloacae, at times the speed of reaction more nearly approaching the Proteus group. The fact that all of our Erwinia cultures are motile would likewise link the group with A. cloacae. It has also been shown by Elrod (1941) that a large majority of Erwinia strains ferment glycerol with the formation of acid only, seldom acid and gas. This also is characteristic of A. cloacae. The closer affinity of the soft-rot group would seem, therefore, to lie with A. cloacae, and not A. aerogenes. Depending on the criteria used, it would be possible to link Erwinia with either Escherichiafreundii or A. cloacae.
The three pectic substances associated with plant tissues are protopectin, pectin and pectic acid. It is the protopectin which forms the cementing material of the middle lamella of plant cells. On hydrolysis protopectin yields an araban and pectin, and the binding property of the substance is lost. The separation of the cells from one another is usually spoken of as maceration. Macerating can be effected in many ways: long boiling (especially under pressure), treatment with 0.5 per cent ammonium oxalate at 70°-80°C, heating with dilute acids, electrodialysis and by the enzyme protopectinase. It is the latter which gives effectiveness to the soft-rot organisms and to certain fungi. Pectin fermentation, on the other hand, is undoubtedly due to several enzymes; pectinase, which hydrolyzes pectin and pectic acid to sugars and galacturonic acid, and the enzymes which would act on these sugars. It is apparent, therefore, that there is no reason to expect that the ability to ferment pectin is any indication of an invasive nature. From the experiments conducted here, it is obvious that coliform organisms do not possess the ability to liberate protopectinase and therefore cannot assume the role of attacking plants. This protopectinase activity would seem to be a criterion of sufficient importance to separate virulent Erwinia isolates from other lactose fermenters. It is difficult, however, to determine the taxonomic position of soft-rot organisms which have lost the ability to produce protopectinase. It seems, at present, that the ability to rot living plant tissue is a characteristic which warrants maintaining the soft-rot organisms in a position distinct from coliform bacteria, i.e., in the genus Erwinia. At the same time, however, one must recognize the very close relationship of the two groups. It is also true that such descriptions as "usually attack pectin" as given in Bergey's manual are entirely misleading.
CONCLUSIONS
The manner in which species of Erwinia ferment lactose would tend to classify them as aberrant coliforms. On the basis of their IMViC patterns, the majority would seem to approximate Escherichia freundii. On the other hand, according to their gelatin-liquefying ability, motility and production of acid in glycerol, the relationship seems to be closer to Aerobacter cloacae.
Sixteen of the Erwinia cultures possessed the ability to macerate vegetable tissue. This characteristic was not shared by any of the 50 coliform cultures. All but two of the Erwinia isolates fermented pectin in a synthetic medium, while 22 of the 50 coliform organisms, including three Escherichia of fecal origin, did so. There was no correlation between the ability to disorganize plant tissue and pectin fermentation. On the basis of this macerating ability, it is contended that the placing of soft-rot organisms in a genus (Erwinia) separate from the coliforms is valid. At the same time the close relationship of the two groups is recognized.
